CHAPTER V
CUMULATIVE EFFECTS AND  EXTERNAL
FACTORS
THE effects of genes in combinations are very frequently
additive or cumulative. This applies in many of the quantita-
tive characters such as body weight and size, milk yield,
muscular performance, conformation, fleece weight, and so
on. Quantitative differences in such characters, which form
graded series of expressions, are usually conditioned by numbers
of genes, or are known as polygenic. It has been briefly shown
earlier (pp. 18, 20) how even a few genes with quantitative
effects can give rise to a variation in characterisation ; this was
related to the expansion of the formula (a+b)*. A similar
example, involving more gene differences, will tend to give a
still better idea of the type of variation which may be found.
Suppose four pairs of genes with equal positive effects are
responsible for the maximum difference in some measurable
quantitative character, e.g. such as fleece weight, between
two breeds, the breed with the heavier fleece having all the
positive genes, while the other has all their alleles which do
not affect fleece weight. If the "plus" effect genes are
denoted A, JB, C, and D, then the first breed is of genotype
AABBCCDD, with the eight "plus" genes giving the
maximum effect, the other is adbbccdd. The Fx individuals
will be all AaBbCcDd, containing only four " plus " effects
and therefore intermediate in fleece weight between the
parents. The inheritance of fleece weight will have apparently
blended in the first crosses. The second generation, by
interbreeding Fx, will show greater variability, ranging from
animals with eight " plus " effects, through those with fewer,
down to those with none, i.e. from one parental genotype to
the other. The extreme parental genotypes can each, how-
ever, be produced by only one type of mating, gametes A BCD X
A BCD and abcdXabcd respectively. Each F^ parent has
also four possibilities of conferring one " plus " gene (either
A, or By or C, or D\ so that F2 individuals showing one
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